The results give the variation of pH value and the concentration of Calcium.
Introduction
Acid mine drainage (AMD) is the outflow of acidic water from metal mines or coal mines. When exposed to air and water, metal sulfides E-mail address: JBandstra@francis.edu, YLi@francis.edu, nxw102@francis.edu. [1] , [2] , [3] showed that limestone armored with metal oxides releases calcium at a 20% rate of the unarmored 
2) Assuming the system is at chemical equilibrium, we can calculate the concentrations of all species in solution by applying mass balance and charge balance equations in the system. In the following we will set up a chemical equilibrium model in our system. Readers are referred to [6] for a more detailed explanation of the numerical method to solve chemical equilibrium problems.
To compute the concentrations of species, we consider the following reactions H 2 CO * 3
with the following equilibrium constants, respectively
(2.8)
The species in the solution are assumed to be: where κ i , i = 1, ..., 6 are the equilibrium constants for the corresponding reactions. It is obvious that log κ 1 = log κ 3 = log κ 6 = 0. The others are defined by experiments as functions depending on temperature T (K) [7] log κ 2 = log K w = 6.0875 − 4470.99 Adding the two balance equations, we obtain a nonlinear system of equations with 6 unknowns and 6 equations. We then solve the nonlinear system of equation by Newton-Raphson method.
Rate equation
The rate of dissolution of calcite r (mmol/cm 2 /s), determined by the chemical reactions (2.1), (2.2), (2.3), is given by the following equa- 
The rate constant of precipitation reaction k 4 (cm/s) is defined as
where K 2 is the equilibrium constant for dissociation of bicarbonate, K C is the solubility product constant for calcite, k 1 is a modified forward rate constant for reaction (2.1), which is about (10 ∼ 20)k 1 .
An approximation of Ficks first law of diffusion [6] gives the mass flux of Ca 2+ from the surface of limestone through the metal sediment layer, in our case, Fe(OH) 3 , into the bulk solution 
Combining with the rate law, we obtain Because of the low solubility of Fe 3+ , it tends to precipitate when the pH value raises to some certain threshold. To calculate the iron precipitation, we consider the following reaction and its corresponding equilibrium equation [6] Fe(OH) 3 + 3 H
The effect is added in the differential equation solver to reflect the diffusion of calcium ions through the precipitaion layer on the surface of limestone.
Numerical result
The experiment was done by engineering students at Saint Francis University under the "Limestone Channel at Swank 13 Mine" project [10] . The Swank 13 mine is an abandoned underground coal mine in
Reade Township, northern Cambria County, Pennsylvania. An acid flow emerges into the abandoned mine and was directed down a 1000 feet channel lined with about a foot thickness of limestone, in order to neutralize the acidity and precipitate the Fe and Al. Numerous data were collected from the field and numerical computation were conducted in Matlab to fit the real data. We used optimization toolbox to solve the nonlinear equation (3.8) . ode45 is used to compute the change of concentrations of calcium ions along the channel. Table 1,   table 2, and table 3 Figure 1 shows the change of concentration of calcium and iron ions along the channel, as well as the change of pH value. We can observe the release of calcium and pH value is increased accordingly. When the pH value achieves a threshold value, iron precipitates start to appear. Figure 2 shows the comparison of our numerical results and measurements from the channel with three sets of data. Both show the predicted improvement of water quality. 
